SYNOPSIS Observations are reported on five cases of suicide or attempted suicide by poisoning with oxalic acid or ethylene glycol. Elevated oxalic acid levels were observed in the plasma, stomach contents, and a number of tissues. Raised oxalic acid levels in plasma were associated with reduced total and ultrafilterable calcium levels. It is suggested that the reduction in plasma total calcium level is due mainly to the deposition of calcium oxalate in the soft tissues, but inhibition of the parathyroid glands may be a contributory factor. Microscopic examination of various tissues indicated that oxalic acid is deposited in the tissues in two forms: (1) crystalline calcium oxalate dihydrate in the kidney and (2) a non-crystalline complex of calcium oxalate and lipid in liver and other tissues.
The clinical manifestations and pathological changes associated with oxalic acid poisoning have been described in some detail (Jeghers and Murphy, 1945; Polson and Tattersall, 1959) but there is little or no information regarding the chemical changes which occur in the tissues or body fluids in man. Heubner and Huckel (1935) analysed a number of organs from dogs poisoned with oxalic acid and found the highest levels of oxalic acid (up to 400 mg. %/O) in kidney tissue, but blood oxalic acid levels were not recorded.
The occurrence of tetany in oxalic acid poisoning is well recognized and this has been attributed to the complexing of ionic calcium with oxalic acid. A marked fall in the plasma total calcium level following oxalate poisoning has been noted in man (Koch, 1930) and in animals (Baudouin, Lewin, and Azdrad, 1933; Salant, Parkins, and Sheppard, 1933) .
In the present paper we report observations on five cases of suicide or attempted suicide by poisoning with oxalic acid or ethylene glycol, which is an indirect source of oxalic acid (Gessner, Parke, and Williams, 1961; Bove, 1966) .
PATIENTS
Observations were made on four women who ingested potassium hydrogen oxalate (salts of lemon). Three of these patients (M.R.F., E.A.L., and M.B.) died as a result of ingesting the salt, the remaining patient (P.E.B.) survived. Observations Received for publication 20 October 1966. were also made on one man (J.G.) who ingested a lethal dose of ethylene glycol and five 'control' patients who died from causes other than oxalic acid or ethylene glycol poisoning.
METHODS
Blood samples were obtained from patients M.B. and P.E.B. approximately six hours after ingestion of potassium oxalate and while both patients were still alive. Blood samples from patients M.R.F. and E.A.L., and tissue samples from all four patients who died, were obtained one to three days after death. All samples were analysed immediately or stored in thefrozen state (-18°C) until analysed.
The tissues were homogenized in a Waring blender and then in a Potter-Elvehjem tissue homogenizer. The homogenate was dried on a water bath and fat was removed by extracting with a mixture of benzene and light petroleum ether (Zarembski and Hodgkinson, 1962) . Oxalic acid and calcium were extracted from the dry, fat-free residue by heating at 60°C. with 1N HCI for 30 minutes.
Oxalic acid was determined by a fluorimetric method (Zarembski and Hodgkinson, 1965) and calcium by flame photometry using the Eppendorf flame photometer. Ultrafiltration of plasma was carried out using the apparatus described by Toribara, Terepka, and Dewey (1957) .
RESULTS
PLASMA AND TISSUE OXALIC ACID LEVELS Elevated plasma oxalic acid levels were observed in all the four cases examined, the values being markedly 283 P. M. Zarembski and A. Hodgkinson The level was only slightly elevated in p; which is consistent with the subsequent this patient. High oxalic acid levels w served in the stomach contents in the examined, in liver in the two cases exan intestine and brain in the one cas( Specimens of kidney tissue from these I not available for analysis.
Plasma oxalic acid levels in five 'cont one to three days after death were withii range. The levels of oxalic acid in va obtained from 'control' patients were g than 0 5 mg. per 100 g. of wet tissu4 values being observed in the brain and 1ii
PLASMA TOTAL AND ULTRAFILTERABLE CA plasma total calcium level was low in pa and M.B. but was within normal limi P.E.B. who recovered. The plasma u calcium was measured in patient M. found to be very low (Table II) .
In contrast, plasma total and u calcium levels in five 'control' patients days after death were higher than nor] from 106 to 15-0 mg. % and 64 to respectively (Table II) . 
DISCUSSION
The present study has confirmed that of large amounts of oxalic acid results .). (Table I ). elevation of plasma and tissue oxalic acid levels, the atient P.E.B. levels observed in patients E.A.L. and M.B. being t recovery of sufficient to complex all or nearly all the ionized ,ere also ob-calcium in the blood (Kohman, 1934) . Plasma three cases ionized calcium levels were not measured in this nined, and in study but it is apparent from the measurements of e examined. total and ultrafilterable calcium ( (Table I) . might account for the greatly reduced plasma total calcium levels which were observed (Table II) . kLCIUM The However, microscopic examination has failed to tients E.A.L. reveal the presence of calcium oxalate crystals in ts in patient tissues other than the kidney (Heubner and Huckel, iltrafilterable 1935; Fazekas, 1958) and no crystals were seen in .B. and was sections of intestine, liver, or brain from the present patients. Fazekas (1958) suggested on the basis of iltrafilterable histochemical studies that there is a disturbance of one to three lipid metabolism in oxalate poisoning. It is well mal, ranging known that calcium forms relatively insoluble soaps 12-9 mg. % with long-chain fatty acids (Yoke, 1958) and the formation of such compounds may account for the hypocalcaemia observed in acute pancreatitis (Edmondson and Berne, 1944) . Preliminary studies on the tissues from our patients suggest that oxalic acid may be deposited as a non-crystalline complex of calcium oxalate and lipid in the liver and intestine Ultrafilterable and further studies are being made to confirm this.
The observations on patient M.B. indicate that 1-9 the reduction of plasma total calcium in oxalate poisoning occurs before death. This is supported by 6-4-12-9 the work of Stewart and Bowen (1951) and Morii, 57-6-8 Fujita, and Okinaka (1963) Plasma oxalic acid and calcium levels in oxalate poisoning ionized calcium level is similar to that of ethylene diamine tetra-acetic acid (E.D.T.A.) but the latter differs from oxalic acid in its effect on plasma total calcium. Thus the intravenous infusion of E.D.T.A. has been found to cause a rapid rise in plasma total calcium (Spencer, Greenberg, Berger, Perrone, and Laszlo, 1956 ). This effect is probably due to the following sequence of events: reduced plasma ionized calcium level --increased parathyroid gland activity --increased resorption of bone --raised plasma ionized and total calcium levels (Sanderson, Marshall, and Wilson, 1960) . This mechanism may be inoperative in the presence of high concentrations of oxalic acid. Oxalic acid is known to inhibit the activity of lactate dehydrogenase (Novoa and Schwert, 1961; Emerson and Wilkinson, 1965) and pyruvate carboxylase (Seubert and Huth, 1965) and further studies may reveal other examples of the inhibitory effects of oxalic acid.
Oxalic acid is only a minor product of ethylene glycol metabolism in mammals (Gessner et al., 1961) but this end-product accounts for an appreciable part of the toxicity of ethylene glycol. Extensive deposits of calcium oxalate have been observed in the renal tubules following ethylene glycol poisoning (Bove, 1966) , suggesting that relatively high concentrations of oxalic acid occur in the tissues, despite the low rate of conversion. The observation of a high concentration of oxalic acid in liver tissue (Table I ) appears to confirm this conclusion.
It is of interest that the level of total calcium in the 'control' post-mortem plasma samples was higher than normal (Table IL) . This effect might be due to withdrawal of calcium from the skeleton. Alternatively, it might be due to an efflux of intracellular calcium into the extracellular fluids (Nauss and Davies, 1966) and a further study is being made of this problem.
